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Objective - To evaluate the efficacy, tolerability, and safety of once- 
daily 1200 mg and 2400 mg SPN-804 (Oxtellar XR™, Supernus 
Pharmaceuticals), an extended-release tablet formulation of 
oxcarbazepine (OXC), added to 1-3 concomitant antiepileptic drugs 
(AEDs) in adults with refractory partial-onset seizures, with or without 
secondary generalization. Methods - The Prospective, Randomized 
Study of OXC XR in Subjects with Partial Epilepsy Refractory 
(PROSPER) study was a multinational, randomized, double-blind, 
parallel-group Phase 3 study. The primary efficacy endpoint was 
median percent reduction from baseline in monthly (28-day) seizure 
frequency for the 16-week double-blind treatment period in the intent- 
to-treat (ITT) population with analyzable seizure data. Other efficacy 
analyses included proportion of patients with > 50% seizure reduction, 
proportion of patients seizure free, and the relationship between clinical 
response and plasma concentration. Results - Median percent reduction 
was -28.7% for placebo, —38.2% (P = 0.08 vs placebo) for once-daily 
SPN-804 1200 mg, and -42.9% (P = 0.003) for SPN-804 2400 mg. 
Responder rates were 28.1%, 36.1% (P = 0.08), and 40.7% (P = 0.02); 
16-week seizure-free rates in a pragmatic ITT analysis were 3.3%, 
4.9% (P = 0.59), and 11.4% (P = 0.008), respectively. When data were 
analyzed separately for study site clusters, a post hoc analysis 
demonstrated that both SPN-804 dosages were significantly superior to 
placebo in median percent seizure reduction (placebo: —13.3%; 
1200 mg: -34.5%, P = 0.02; 2400 mg: -52.7%, P = 0.006) in the 
North American study site cluster. A concentration-response analysis 
also supported a clinically meaningful effect for 1200 mg. Adverse event 
types reflected the drug's established profile. Adverse event frequency 
was consistent with a pharmacokinetic profile in which SPN-804 
produces lower peak plasma concentrations vs immediate-release OXC. 
Once-daily dosing was not associated with any new safety signals. 
Conclusions - Adjunctive once-daily SPN-804 improved seizure control 
in patients with inadequately controlled partial-onset seizures. Adverse 
event occurrence and discontinuations due to adverse events suggest 
improved tolerability vs previously published data with immediate- 
release OXC. 
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Introduction 

Oxcarbazepine (OXC) is a 10-keto analogue of 
carbamazepine (CBZ) - the antiepileptic drug 
(AED) that has served as the benchmark for effi- 
cacy in partial-onset seizures. Although the effi- 
cacy of OXC appears to mirror that of CBZ (1), 
OXC has a markedly different metabolic and 
pharmacokinetic profile that simplifies its use 
clinically. As opposed to oxidation, OXC under- 
goes rapid and almost complete reductive metab- 
olism to the active metabolite 10-monohydroxy 
derivative (MHD; licarbazepine). Because it is the 
predominant moiety in plasma, MHD is largely 
responsible for the drug's clinical activity. 
Oxcarbazepine is converted presystemically to 
S- and R-licarbazepine enantiomers (80% : 20%) 
that are virtually indistinguishable in terms of 
their biological activity (2). Reductive metabolism 
of OXC avoids the generation of reactive epox- 
ides and reduces the potential for interactions 
with AEDs that induce the cytochrome P450 sys- 
tem. Pharmacokinetics of MHD are linear and 
dose proportional from 300 to 2400 mg (3). Effi- 
cacy as adjunctive therapy is likewise dose related 
for dosages ranging from 600 to 2400 mg/day (4). 

In the only placebo-controlled study in adults 
with immediate-release OXC (OXC-IR) as 
adjunctive therapy, 67% of patients assigned to 
2400 mg/day OXC-IR discontinued due to 
adverse events (4), demonstrating that poor toler- 
ability may limit the maximum clinically relevant 
dosage to 1200 mg/day in most patients. As 
noted in U.S. product labeling for OXC-IR, 
'daily doses above 1200 mg/day show somewhat 
greater effectiveness in controlled trials, but most 
patients were not able to tolerate the 2400 mg/ 
day dose, primarily because of CNS effects' (3). 
The OXC-IR study reported a significant correla- 
tion between mean trough MHD concentrations 
and the incidences of the most common adverse 
effects, that is, dizziness, diplopia, somnolence, 
vomiting, nausea. Adverse effects have also been 
shown to correlate with peak plasma concentra- 
tions, particularly MHD concentrations >30 
ug/ml (5, 6). Although these adverse effects may be 
transient, occurring twice daily within 2-3 h after 
dose administration with b.i.d. OXC-IR dosing, 
they nonetheless can persist throughout the dos- 
ing interval (6). Adverse effects with OXC-IR 
administration, including intermittent events asso- 
ciated with peak plasma MHD concentrations, 
can often be ameliorated by administering the 
same total daily OXC-IR dosage more frequently in 
smaller doses, for example, by switching from b.i.d. 
to t.i.d. administration (6). These observations 



strongly suggest the potential for improved 
tolerability with an extended-release (ER) OXC 
formulation that reduces peak plasma MHD 
concentrations with less frequent dosing. 

SPN-804 (Oxtellar XR™, Supernus Pharmaceu- 
ticals) is a novel extended-release OXC tablet 
using a matrix delivery technology to overcome 
the low, pH-dependent solubility of OXC in 
aqueous solutions. A dissolving drug-polymer 
core releases OXC continuously over a 24-hour 
dosing interval to produce a smoother plasma 
concentration profile. The MHD concentration 
peaks 7 h after dosing, is sustained for an 
extended period, and gradually declines over the 
remainder of the dosing interval, beginning 
approximately 12 h after a dose. With once-daily 
SPN-804 1200 mg, MHD exposures and peak 
MHD concentrations are -19% lower and trough 
MHD concentration is -16% lower than with 
OXC-IR 600 mg b.i.d (7). The PROSPER study 
was designed as a placebo-controlled Phase 3 
study to evaluate the efficacy, tolerability, and 
safety of once-daily SPN-804 1200 mg and 
2400 mg as adjunctive therapy in adults with 
inadequately controlled partial-onset seizures. 
Dosages were selected based on a similarly 
designed Phase 3 dose-ranging study of OXC-IR 
b.i.d. as adjunctive therapy in adults with refrac- 
tory partial-onset seizures receiving one to three 
concomitant AEDs (4). 

Methods 

Study design 

This was a multinational, multicenter, randomized, 
double-blind, parallel-group, placebo-controlled 
Phase 3 study (ClinicalTrials.gov identifier: NCT00- 
772603) conducted between November 2008 and 
April 2010 at 88 sites in eight countries in North 
America (United States, n = 25; Mexico, n = 13; 
Canada, n = 2) and Eastern Europe/Russia (Poland, 
n = 18; Russia, n = 16; Bulgaria, n = 10; Croatia, 
n = 6; Romania, n = 5). The study was designed 
with an 8-week prospective observation phase to 
establish baseline seizure frequency, which was fol- 
lowed by a double-blind treatment period comprised 
of a 4- week titration phase, 12-week maintenance 
phase, and 3-week interval for blinded conversion 
to open-label treatment or tapering to baseline 
therapy. 

For the double-blind period, patients were ran- 
domized 1:1:1 to one of three treatment groups 
with study drug administered once daily as pla- 
cebo, SPN-804 1200 mg, or SPN-804 2400 mg. 
Randomization was managed by a centralized 
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interactive voice response system, with the vendor 
using a pseudo-random number generator to pro- 
duce study drug kit numbers for the randomiza- 
tion schedule. At each visit, study sites accessed 
the voice response system for instructions on the 
individual kit number to use. Study drug blinding 
was maintained with identical 600-mg SPN-804 
or placebo tablets and packaging in blister cards. 
During the double-blind treatment period, patients 
and all personnel involved with the study's 
conduct or interpretation remained blinded to 
study drug codes. Personnel involved in plasma 
assays for evaluating population pharmacokinetics 
did not have access to the randomization schedule 
and were not otherwise involved in the study's 
conduct. 

Study drug was administered under fasting 
conditions as four tablets once daily. During 
titration, the dose was increased weekly in 600- 
mg increments. Dosages of concomitant AEDs 
and vagal nerve stimulator (VNS) settings 
remained constant throughout the study. After 
week 4, study drug could be down-titrated if 
needed by discarding the last tablet on each blis- 
ter pack row, thereby blindly reducing the dose 
only in the SPN-804 2400-mg group (reduced to 
1800 mg/day). After maintaining the target dose 
for 12 weeks, patients who chose to enroll in the 
open-label follow-on study were titrated to once- 
daily SPN-804 1200 mg in a blinded fashion; all 
other patients were tapered off study medication 
before the final study visit. During the 16-week 
blinded treatment phase for data analysis, study 
visits were scheduled for days 1 (end of baseline/ 
randomization), 29 (end of titration), 57, 85, and 
113 (end of maintenance phase). 

The study was performed in accordance with 
the International Conference on Harmonization 
Good Clinical Practice guidelines, the Declaration 
of Helsinki, European Medicines Agency require- 
ments, and the US Code of Federal Regulations. 
The protocol, amendments, and informed consent 
were reviewed and approved by the appropriate 
regulatory authorities in each country and Insti- 
tutional Review Board or Independent Ethics 
Committee at each site. Patients provided written 
informed consent before study participation. 

Patients 

Patients aged 18-65 years with partial-onset sei- 
zures with or without secondary generalization 
according to the 1981 International League 
Against Epilepsy Classification of Epileptic Sei- 
zures (8) were enrolled. Seizure descriptions for 
the first three patients screened by each study site 



were submitted for the Epilepsy Study Consor- 
tium review in order to verify seizure classifica- 
tion; review of information for additional patients 
was required if initial classifications were incor- 
rect. Patients had to have an average of at least 
three seizures monthly (28 days) during the 
8-week screening period despite ongoing treatment 
with stable doses of one to three AEDs with/with- 
out adjunctive VNS. Partial-onset seizures with- 
out discognitive features (simple partial) had to 
have a motor component to be countable (See 
Appendix SI). 

Outcome measures 

Efficacy - Efficacy was assessed using seizure 
counts from patient-maintained seizure diaries as 
well as Patient Global Impression of Change 
(PGIC) and the Quality of Life in Epilepsy 
(QOLIE-31) questionnaires. Seizure frequency 
was calculated as the total number of seizures 
reported in the seizure diary for the study phase 
divided by the number of days on which patients 
recorded data, multiplied by 28. The primary 
endpoint was the median percent change from 
baseline in monthly (28-day) seizure frequency 
for the 16-week treatment period in an intent- 
to-treat population with analyzable seizure data. 
Secondary endpoints included responder rate 
(proportion of patients with > 50% seizure fre- 
quency reduction), proportion of patients seizure 
free, and changes in PGIC and QOLIE-31 scores. 
Data for patients who discontinued early were 
included in analyses up to their discontinuation, 
using data recorded through their last visits in 
the blinded treatment phase. 

Tolerability and safety - Assessments included 
monitoring of treatment-emergent adverse events 
coded using the Medical Dictionary for Regula- 
tory Affairs (MedDRA), neurologic/physical 
examinations, clinical laboratory values, vital 
signs, and ECG tracings. 

Pharmacokinetics and concentration-response analysis 
- Blood samples were drawn at maintenance phase 
visits to determine OXC and MHD concentrations 
for population pharmacokinetic (PK) analysis with 
nonlinear mixed-effects modeling (NONMEM). 
Samples were obtained at separate visits for trough 
(predose), 1, 2, 4, and 7 h post-dose concentra- 
tions. OXC and MHD concentrations were 
determined with a validated liquid chromatogra- 
phy tandem mass spectrometry assay with a 
quantification limit of 0.005 and 0.05 u-g/ml, 
respectively. Pharmacokinetic variables derived 
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from the population PK analysis included appar- 
ent oral clearance (CL/F), maximum (C max ), and 
minimum/trough (C m ; n ) concentrations for OXC 
and MHD. Data from the population PK analysis 
were applied to seizure frequency data to evaluate 
the concentration-response relationship in sub- 
groups defined by C min plasma MHD concentra- 
tions (>10 vs <10 ng/ml) estimated from 
population PK analysis. 

Statistical analysis 

Sample size calculation - Sample size was calcu- 
lated using the methods proposed by Noether 
et al. (9) for nonparametric tests (i.e., Wilcoxon 
rank-sum test), based on the observed differences 
for placebo vs OXC-IR in a similarly designed 
study (4). Calculations suggested that 120 
patients per treatment group would provide over 
80% power to detect a difference of 24-32% 
between placebo and once-daily SPN-804 
1200 mg and over 95% power to detect a differ- 
ence of 31^12% between placebo and once-daily 
SPN-804 2400 mg, each at a two-sided 0.025 level 
for an overall type 1 error rate of 0.05. 

Analysis sets - Efficacy was assessed in the intent- 
to-treat population with analyzable seizure data, 
that is, all randomized patients with seizure data 
for >21 consecutive days in the baseline phase 
who received at least one dose of study drug, had 
at least one on-treatment visit, and >14 consecu- 
tive days of seizure diary data after study drug 
receipt. For patients who discontinued early, sei- 
zure data through the last visit during the blinded 
treatment phase were used for determining sei- 
zure frequency. The safety population was all 
randomized patients who had received at least 
one dose of study drug. Patients assigned to 
SPN-804 2400 mg who were down-titrated to 
1800 mg/day were included in the 2400-mg group 
for all analyses. 

Primary efficacy analysis - For seizure frequency 
analysis, monthly (28-day) seizure frequency was 
calculated for baseline and 16-week double-blind 
treatment periods. Median percent seizure fre- 
quency change was analyzed with Wilcoxon rank- 
sum test to test the hypothesis of equal median 
percent seizure frequency change from baseline 
between SPN-804 2400 mg and placebo and SPN- 
804 1200 mg and placebo. To preserve the overall 
type I error rate at 0.050, a step-up Hochberg 
procedure (10) was used for the pairwise compari- 
son of each SPN-804 group against placebo. If 
both observed P-values were <0.050 in favor of 



SPN-804 treatment groups, then differences for 
both groups were declared significant. If the 
observed P-value was >0.050 for only one SPN- 
804 treatment group, then the other SPN-804 was 
significantly superior to placebo only if P < 0.025. 
The Hodges-Lehmann point estimate and associ- 
ated 95% confidence interval (95% CI) for med- 
ian treatment differences between placebo and 
each SPN-804 group were determined. To assess 
the sensitivity of the primary efficacy results to 
the effects of dropouts and incomplete seizure 
diary data, three analyses were conducted: pri- 
mary efficacy analysis in patients who completed 
double-blind treatment without premature discon- 
tinuation (completer analysis); mixed-model 
repeated-measures analysis in the overall ITT 
population; and impact of study site cluster (post 
hoc grouping of study site clusters: North America 
and Eastern Europe/Russia). 

Secondary efficacy variables - Responder rates 
were analyzed using a logistic regression model, 
with treatment group, country/study site cluster, 
age, gender, and baseline seizure frequency as 
explanatory variables. Responder rate effect sizes 
for SPN-804 vs placebo were estimated with odds 
ratio and 95% CI. A pragmatic ITT analysis was 
used for determining seizure-free rates, with the 
overall ITT population as the denominator. In 
this analysis, patients were only considered sei- 
zure free if they completed double-blind treat- 
ment; patients who discontinued early were 
considered non-responders (11). Fisher's exact 
test was used for pairwise comparisons of seizure- 
free rates. Between-group differences in PGIC 
score changes were compared using Wilcoxon 
rank-sum test. Analysis of covariance (ANCO- 
VA) assessed between-group differences in 
QOLIE-31 subscale scores, total score, and health 
status score, with treatment group, age, gender, 
study site cluster/country, and pretreatment score 
as explanatory variables. 

Concentration-response analysis - Differences in 
median percent seizure frequency reduction over 
16 weeks of double-blind treatment vs baseline in 
subgroups defined by C m j n (>10 vs < 10 ng/ml) 
were analyzed using Wilcoxon rank-sum test. 

Results 

Patient disposition and characteristics 

Of 440 patients screened, 366 patients were ran- 
domized to once-daily placebo (« = 121), SPN-804 
1200 mg (n = 122), and SPN-804 2400 mg 
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(« = 123). Analyzable seizure data for the pri- 
mary efficacy analysis were available for 96.7% 
(n = 117), 89.3% (n = 109), and 90.3% (n =111), 
respectively (Fig. 1). Of the 111 patients in the 
2400-mg group with analyzable seizure data, 26 
were patients in whom SPN-804 was down- 
titrated to 1800 mg/day. Overall, 67.8% of 
patients completed 16 weeks, with 21.5% of pla- 
cebo patients discontinuing prematurely com- 
pared with 32.8% and 42.3% in the 1200-mg and 
2400-mg SPN-804 groups, respectively. The most 
common reason for study withdrawal was adverse 
events, accounting for the higher discontinuation 
rates in the active treatment groups. Based on pill 
counts, 96.0% (placebo), 93.2% (1200 mg), and 
95.1% (2400 mg) of patients were adherent with 
once-daily dosing. 

Treatment groups were generally well balanced 
in terms of baseline demographics and disease 
characteristics (Table 1). Overall, the mean age 
was 38.9 years; 55.2% of patients were women. 
The mean number of years since epilepsy diagno- 
sis was 20.8 years; median monthly seizure 
frequency at baseline was 6.5 seizures despite 
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ongoing treatment with two or three concomitant 
AEDs in 67.2% of patients. 

Efficacy 

The median percent seizure frequency change 
over the 16-week double-blind treatment period 
was -28.7% with placebo vs -38.3% (P = 0.08) 
for once-daily 1200-mg and -42.9% {P = 0.003) 
in the 2400-mg group (Fig. 2). The estimated 
treatment difference favoring SPN-804 over 
placebo was -10.3% (95% CI: -22.3, 1.2) for 
1200-mg and -18.3% (95% CI: -30.4, -5.8) for 
2400-mg group. Secondary endpoints generally 
mirrored the primary efficacy analysis. Responder 
rates, that is, proportion of patients with >50% 
seizure frequency reduction (Fig. 2), were pla- 
cebo, 28.1%; 1200 mg, 36.1% (P = 0.08); and 
40.7% (P = 0.02) of those receiving 2400 mg. 
The odds ratio comparing the responder rates 
was 1.67 (95% CI: 0.95, 2.94) for SPN-804 
1200 mg vs placebo and 1.98 (95% CI: 1.13, 
3.50) when comparing 2400 mg and placebo. For 
the prespecified pragmatic ITT analysis of seizure 



Screen failures 
n = 71 

Reason, n: 

Inclusion/exclusion criteria 19 
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<3 seizures/28 days 14 
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Withdrew 
n = 40 
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4 
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1 


Other 
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Withdrew consent 
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Adverse event 
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Oxtellar XR = SPN-804 

Figure 1. Study disposition for patients assigned to placebo or Oxtellar XR (SPN-804). 
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freedom, 3.3% of the placebo group, 4.9% 
CP = 0.53) in the 1200-mg group, and 11.4% 
(P = 0.008) in the 2400-mg group were seizure 
free for the entire 16-week blinded treatment 
period. 



Table 1 Demographics and baseline characteristics (safety population) 







Oxtellar XR (SPN 


-804), mg/day 


Characteristics 


Dlnnnhn /A/ 1911 

riaceDo (/v = \l \) 


1 Tnn l A/ 1 no\ 

IZUU |/v — 


9/inn / A/ — 1 ni\ 
Z4UU (/V — IZoJ 


Age (years), 


39.1 ± 12.5 


39.1 ± 11.5 


38.5 ±11.6 


mean ± SD 








Female, n (%) 


67 (55.4) 


71 (58.2) 


64 (52.0) 


Race, n (%) 








White 


107 (88.4) 


104 (85.2) 


105 (85.4) 


Black 


1 (0.8) 


5 (4.1) 


1 (0.8) 


Other 


13 (10.7) 


13 (10.7) 


17 (13.8) 


Epilepsy duration 


21.2 ± 13.9 


21.3 ± 14.5 


19.8 ± 13.0 


(years), mean ± SD 








Baseline seizure 


7.0 


60 


6.0 


frequency 








(seizures/ 








28 days). 








median 








Concomitant AEDs, n 


%) 






1 AED 


43 (35.5) 


36 (29.5) 


40 (32.5) 


2 AEDs 


61 (50.4) 


68 (55.7) 


67 (54.5) 


3 AEDs 


17 (14.0) 


18 (14.8) 


16* (13.0) 


Valproate 


49 (37.2) 


55 (45.1) 


62 (50.4) 


Carbamazepine 


44 (36.4) 


53 (43.4) 


49 (39.8) 


Lamotrigine 


37 (30.6) 


31 (25.4) 


34 (27.6) 


Levetiracetam 


27 (22.3) 


20 (16.4) 


28 (22.8) 


Topiramate 


21 (17.3) 


23 (18.8) 


23 (18.7) 


Phenytoin 


4 (3.3) 


3 (2.5) 


2 (1.6) 


Other 


26 (21.5) 


29 (23.8) 


18 (14.6) 



N, total number of patients; n, number of patients with analyzable data; SD, 

standard deviation; AEDs, antiepileptic drugs. 

*0ne patient assigned to SPN-804 2400 mg was receiving 4 AEDs. 



Sensitivity analyses using a completer and a 
mixed-model repeated-measures analysis did not 
change the primary statistical outcome that once- 
daily SPN-804 2400 mg was shown to be signifi- 
cantly superior to placebo, whereas 1200 mg was 
not. However, in a sensitivity analysis evaluating 
the potential influence of regional differences in 
this multinational trial, both SPN-804 dosage 
groups were significantly superior to placebo in 
median percent seizure reduction - placebo, 
-13.3%; 1200 mg, -34.5% (P = 0.02); 2400 mg, 
-52.7% (P = 0.006) among patients (n = 106) 
participating at North American study sites 
(Fig. 3). The estimated treatment difference 
favoring SPN-804 over placebo was —26.1% 
(95% CI: -47.9, -4.1) for 1200-mg and -35.3% 
(95% CP -59.1, -12.5) for 2400-mg group. In 
contrast, with the substantially higher placebo 
effect (-33.2%) observed in patients (« = 231) 
from the Eastern Europe/Russia study site cluster 
(Fig. 3), neither SPN-804 dosage group was sig- 
nificantly superior to placebo (1200 mg: —38.4%, 
P = 0.60; 2400 mg: -41.2%, P = 0.13) in this 
subset. 

After 16 weeks of double-blind treatment, 
PGIC score changes were not significantly differ- 
ent for either SPN-804 dosage vs placebo. Mean 
total QOLIE-31 and subscale scores did not 
decrease from baseline during SPN-804 or pla- 
cebo administration in any group. The only sig- 
nificant differences from placebo in QOLIE-31 
score changes were significantly smaller increases 
in the QOLIE-31 subscales of Cognitive Func- 
tioning in the 1200-mg and Medication Effects in 
both SPN-804 groups (P < 0.01 vs placebo). 



Responder rate 




Placebo 1200 mg 2400 mg 

(n = 1 17) Oxtellar XR Oxtellar XR 

(n = 109) (n = 111) 

Oxtellar XR = SPN-804 



Placebo 1200 mg 2400 mg 
(n = 121) Oxtellar XR Oxtellar XR 
(n=122) (n = 123) 



Figure 2. Oxtellar XR (SPN-804) vs placebo: Median percent reduction from baseline 28-day seizure frequency (A) 
rate (B) for the 16-week double-blind treatment period in ITT population with analyzable data. *P = 0.003; 
placebo. ITT, intent-to-treat. 



and responder 
**P = 0.02 vs 
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A North American subset 

5" 60 1 




Placebo 1200 mg 2400 mg 
(n = 41) Oxtellar XR Oxtellar XR 
(n = 40) (n = 35) 



Oxtellar XR = SPN-804 

Figure 3. Oxtellar XR (SPN-804) vs placebo: Median percent 
American cluster of study sites (A) and Eastern Europe/Russ 
placebo. ITT, intent-to-treat. 



B Eastern Europe/Russia subset 

5" 60 -I 



03 




Placebo 1200 mg 2400 mg 
(n = 80) Oxtellar XR Oxtellar XR 
(n = 82) (n = 88) 



reduction from baseline 28-day seizure frequency in the North 
a cluster (B) in the ITT population. *P = 0.02; **P = 0.006 vs 



Tolerability and safety 

The overall incidence of adverse events (Table 2) 
was similar in the placebo (55.4%) and SPN-804 
1200-mg groups (56.6%) and was lower than in 
patients assigned to 2400 mg (69.1%). The inci- 
dences of specific adverse events were generally 
similar for the placebo and SPN-804 1200-mg 
groups. The most common adverse events were 
those related to the nervous system, occurring in 
31.4% of placebo patients and 38.5% of those 
receiving 1200 mg, compared with 56.1% in the 
2400-mg group. The most frequently reported 
adverse events - dizziness, nausea, somnolence, 



Table 2 Summary of treatment-emergent adverse events (safety population) 







Oxtellar XR (SPN- 


304), mg/day 




Placebo 


1200 


2400 




(A/= 121) 


(«= 122) 


(A/= 123) 


Any adverse event, n (%) 


67 (55.4) 


69 (56.6) 


85 (69.1) 


Serious adverse events, n 


7 (5.8) 


7 (5.7) 


10 (8.1) 


(%) 

Adverse events leading to 


10 (8.3) 


18 (14.8) 


37 (30.1) 


discontinuation, n (%) 








Incidence, n (%) 








Dizziness 


18 (14.9) 


24 (19.7) 


50 (40.7) 


Vomiting 


11 (9.1) 


7 (5.7) 


19 (15.4) 


Headache 


9 (7.4) 


10 (8.2) 


19 (15.4) 


Somnolence 


11 (9.1) 


14 (11.5) 


17 (13.8) 


Diplopia 


5(4.1) 


12 (9.8) 


16 (13.0) 


Nausea 


14 (11.6) 


14 (11.5) 


15 (12.2) 


Asthenia 


1 (0.8) 


4 (3.3) 


9 (7.3) 


Balance disorder 


6 (5.0) 


6 (4.9) 


8 (6.5) 


Fatigue 


1 (0.8) 


7 (5.7) 


4 (3.3) 



N, total number of patients; n, number of patients. 



vomiting, headache, and diplopia - were typically 
dose related. Treatment-limiting adverse event 
rates were 8.3% and 14.8% in the placebo and 
1200-mg groups, respectively; 30.1% in the 2400- 
mg group discontinued due to adverse events. In 
the active treatment groups, adverse events result- 
ing in discontinuation occurred primarily during 
the forced-titration phase (1200 mg: 13/20, 65%; 
2400 mg: 26/37, 70%). The fact that 23 patients 
were down-titrated to 1800 mg also suggests 
some difficulty with tolerability at 2400 mg. 

Serious adverse events occurred in seven 
patients each in the placebo (5.8%) and SPN-804 
1200-mg (5.7%) groups and in 10 (8.1%) in the 
2400-mg group. Of the adverse events classified 
as serious, none were considered study drug- 
related in the SPN-804 1200-mg group and three 
were considered study drug-related in the placebo 
group (one subject each with erythematous rash, 
Stevens-Johnson syndrome, or dizziness). A 
fourth patient assigned to the placebo group was 
the only death in the study (death due to ovarian 
cancer diagnosed 2 days before randomization). 
Serious adverse events were considered study 
drug-related in six patients receiving SPN-804 
2400 mg - symptomatic hyponatremia (« = 1), 
generalized rash (n = 1), dizziness (n = 1), vomit- 
ing (n = 1), and general drug intolerance (n = 2), 
which was characterized by other non-serious 
adverse events such as dizziness, diplopia, nausea, 
vomiting, abdominal pain, and/or headache. 
Study drug was discontinued in all patients with 
serious adverse events, although SPN-804 was ini- 
tially down-titrated in one patient before being 
discontinued due to vertigo/dizziness. 
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Only one clinically significant laboratory, vital 
sign, or ECG abnormality was observed during 
the study. A shift from normal to lower serum 
sodium levels was observed in a relatively small 
subset of patients receiving active treatment (pla- 
cebo, 1.7%; 1200 mg, 9.8%; 2400 mg, 6.5%). 
Serum sodium levels were < 130 mEq/1 at any 
point during double-blind treatment in nine 
patients receiving SPN-804 (1200 mg, n = 4; 
2400 mg, n = 5) and < 125 mEq/1 in two patients 
(one in each SPN-804 group). One occurrence of 
a markedly abnormal sodium value resulted in 
symptomatic hyponatremia and was classified as 
a serious adverse event. 

Pharmacokinetics and pharmacodynamics 

Based on population PK analysis of plasma 
MHD concentrations, the mean (SD) C max of 
MHD was 17.9 (5.3) ug/ml in patients receiving 
once-daily SPN-804 1200-mg and 27.1 (8.7) 
ug/ml in the 2400-mg group; C min concentrations 
were 12.0 (4.3) ug/ml and 19.4 (7.8) ug/ml, 
respectively. Clearance was increased 31% in 
patients receiving carbamazepine, phenytoin, phe- 
nobarbital, or valproate as concomitant therapy, 
but was not increased further when more than 
one of these agents was given as co-therapy. 

In a concentration-response analysis, patients 
receiving SPN-804 were grouped according to esti- 
mated trough (Cmin) MHD concentrations. The 
breakpoint between subgroups (10 ug/ml) was 
determined by a sensitivity analysis. The overall 
median C min across SPN-804 groups was 13.9 ug/ 
ml. Median percent seizure frequency reduction 
was significantly greater in the subgroup with C m i n 
>10 ug/ml MHD (« = 125, -50%, P = 0.02) com- 
pared with the <10 ug/ml subgroup (n = 41, 
-35.2%) or the placebo group (n = 1 17, -28.7%, 
P = 0.0004); the difference in median percent 
change for <10 Lig/ml subgroup vs placebo was not 
significant (P = 0.57). The C m ; n was > 10 ug/ml in 
approximately 85% of patients in the SPN-804 
2400-mg group and 66% in the 1200-mg group. 

Discussion 

The PROSPER study demonstrated the efficacy 
of SPN-804 (Oxtellar XR) as adjunctive therapy 
in adults with inadequately controlled partial- 
onset seizures, with or without secondary general- 
ization, and demonstrated the potential for 
improved tolerability when compared with OXC-IR 
data (4). 

Although it failed to separate statistically from 
placebo in the primary analysis, 1200 mg SPN- 



804 was shown to be an efficacious dose in the 
concentration-response analysis and has been 
approved by the U.S. Food & Drug Administra- 
tion as a target dose when initiating therapy with 
SPN-804. The median percent seizure reduction 
with once-daily SPN-804 1200 mg and 2400 mg 
(-38.2% and -42.9%, respectively) in the PROS- 
PER study was similar to that observed with 600 
and 1200 mg b.i.d. OXC-IR (-40% and -50%, 
respectively) in a similarly designed study 
reported by Bares et al. (4). However, the effect 
size in the PROSPER study was actually two- to 
threefold lower and coincided with an approxi- 
mately fourfold higher placebo response. Because 
sample sizes for the PROSPER study were based 
on effect sizes observed in the previous OXC-IR 
dose-ranging study (4), the number of random- 
ized patients in the PROSPER study may have 
been too low to demonstrate a significant effect 
favoring SPN-804 1200 mg over placebo in the 
overall treatment population. In the subset of 
patients participating at North American study 
sites, the placebo response was more consistent 
with that reported by Bares et al. (4) The differ- 
ences favoring SPN-804 over placebo in median 
percent seizure reduction were significant for both 
1200 mg and 2400 mg and were consistent with 
the earlier OXC-IR study. The concentration- 
response analysis in the overall population 
further reinforced the clinical usefulness of once- 
daily SPN-804 1200 mg by showing that trough 
MHD concentrations achieved by most patients 
(66%) receiving SPN-804 1200 mg were associ- 
ated with a significant clinical effect. 

The reasons that separate similarly designed 
trials with the same active drug would have such 
different placebo responses are unclear. The 
unexpectedly high placebo effect in the PROS- 
PER study may reflect a 'placebo drift' in AED 
adjunctive trials that has been especially notable 
over the last 5 years, with placebo responses 
increasing and effect sizes decreasing significantly 
over time (12). The phenomenon coincides with 
the globalization of clinical studies, that is, partic- 
ipation by study sites outside North America and 
western Europe where AED registration trials 
have traditionally been conducted. An exagger- 
ated placebo effect in a recent study of peram- 
panel as adjunctive therapy in partial-onset 
seizures prompted a subset analysis based on 
regional distribution of study sites in North, Cen- 
tral, and South America (13). As with the PROS- 
PER study, a treatment effect favoring active 
drug was only significant in the North American 
subset, which had a lower placebo response than 
the overall population. Taken together, these 
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findings demonstrate that regional differences 
within randomized controlled studies can have 
important influences on study outcomes. 
Although verification of seizure classification by 
the Epilepsy Study Consortium during initial 
patient screening in the PROSPER study presum- 
ably reduced variability of response due to uncer- 
tain seizure types, other factors could influence 
the variability. Pooling data from -360 placebo- 
treated patients in double-blind trials of lacosa- 
mide as adjunctive therapy in patients with 
refractory partial-onset seizures, Schmidt et al. 
(14) identified patient factors predictive of lower 
likelihood of placebo response, that is, history of 
> 7 lifetime AEDs, baseline monthly seizure fre- 
quency >10 seizures, prior epilepsy surgery (not 
including VNS placement), age of epilepsy diag- 
nosis at 6-20 years of age. Although the rela- 
tively small number of patients receiving placebo 
in the two regional clusters in this study (North 
America, n = 41; Eastern Europe/Russia, n = 80) 
precluded meaningful comparisons of patient sub- 
sets according to the predictive factors identified 
by Schmidt et al., the placebo effects observed in 
this study, as well as others, point to the need to 
understand and address sources of variability in 
placebo response in order to improve AED trial 
design. 

Extended-release formulations that reduce 
AED dosing frequency can be more convenient 
for patients, with the potential for better patient 
adherence and greater effectiveness. In the inter- 
val since seminal studies with AEDs by Cramer 
et al. (15, 16) were published, a large body of evi- 
dence has demonstrated that adherence rates with 
multiple-daily dosing are significantly lower than 
with once-daily dosing (17, 18). Several studies 
have documented associations between adher- 
ence/non-adherence and outcomes in patients 
with epilepsy such as mortality, (19) emergency 
department/inpatient visits due to serious seizures 
(20, 21), and injuries due to motor vehicle acci- 
dents (19, 22) - all of which support an associa- 
tion between adherence and AED effectiveness in 
controlling seizures. 

However, few blinded randomized studies have 
directly compared ER AEDs to their IR counter- 
parts, and no blinded randomized study has doc- 
umented greater effectiveness of a once-daily ER 
formulation vs its IR formulation solely on the 
basis of once-daily vs b.i.d administration. None- 
theless, an ER AED formulation has been shown, 
albeit indirectly, to be more effective than the IR 
formulation due to improved tolerability associated 
with 'flattening' the plasma concentration curve 
from the ER formulation (23). Two separate but 



similarly designed blinded randomized trials 
compared lamotrigine with b.i.d. CBZ-IR (24) or 
b.i.d. CBZ-ER (25). Despite identical dosing 
frequency (b.i.d. administration) in the two 
studies, therapeutic success measured as patient 
retention was much greater with CBZ-ER (67% 
retention) (25) than with CBZ-IR (42% retention) 
(24) because CBZ-ER was better tolerated and 
therefore allowed more patients to derive the 
benefits of AED therapy. 

The observations with CBZ-ER vs CBZ-IR are 
especially relevant to SPN-804 and OXC-IR, given 
the similarities of CBZ and OXC. For both AEDs, 
which act directly on voltage-gated sodium chan- 
nels, pharmacodynamic activity mirrors plasma 
concentration fluctuations, as demonstrated by the 
appearance of transient side effects when plasma 
concentrations are at their peak. SPN-804 slows 
OXC absorption and reduces plasma MHD expo- 
sure -16% (C min ) to -19% (AUC, C max ) relative to 
OXC-IR 600 mg b.i.d (7). 

A crossover PK study of 1200 mg SPN-804 
administered once daily vs OXC-IR (Trileptal) 
600 mg b.i.d. in healthy volunteers (n = 30) 
initially signaled the potential for improved toler- 
ability with SPN-804. Dizziness was not reported 
during the SPN-804 period, whereas 11/30 (37%) 
reported dizziness with b.i.d. OXC-IR exposure 
(unpublished data). Indirect comparisons across 
similarly designed studies in patients with refrac- 
tory epilepsy are also suggestive of the potential 
for improved tolerability with SPN-804. Namely, 
in the OXC-IR dose-ranging study (4), 36.2% of 
patients assigned to OXC-IR 600 mg b.i.d. dis- 
continued due to adverse events; the rate of dis- 
continuations due to adverse events was 14.8% 
with 1200 mg SPN-804 in the PROSPER study. 
The most common adverse events with OXC-IR 
600 mg b.i.d. - dizziness, 32%; diplopia, 30%; 
somnolence, 28%; vomiting, 25%, nausea, 25%, 
ataxia, 17% - were reported less frequently in 
patients receiving 1200 mg SPN-804 once daily. 
Similar differences were observed for OXC-IR 
and SPN-804 at 2400 mg. It is notable that in the 
Bares et al. study, 26% of patients randomized to 
2400 mg OXC-IR completed the study and only 
19% completed on the assigned dose (4). Despite 
-19% reduction in MHD exposure with SPN-804 
vs OXC-IR at the same mg total daily dose, 
SPN-804 was associated with -50% reductions in 
the frequency of treatment-limiting adverse 
events. Indirect comparisons across similarly 
designed studies are fraught with confounding 
factors that may account for between-study dif- 
ferences. In the case of the PROSPER study and 
the OXC-IR dose-ranging study, OXC-IR was 
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titrated in half the time as SPN-804, for example, 
6 and 14 days to 1200 mg/day, respectively, 
which would impact tolerability. Study durations 
were different for the two studies (Bares et al., 
26 weeks; PROSPER, 16 weeks), which could 
also influence the results. However, the seizure- 
free rates in the two studies hint at the potential 
therapeutic benefit if tolerability and retention 
can be improved. In the pragmatic ITT analysis of 
seizure-free rates in the PROSPER study, 11.4% of 
patients assigned to SPN-804 2400 mg were seizure 
free for the 16-week double-blind treatment phase; 
with the higher discontinuation rates in the OXC-IR 
study (treatment-limiting adverse events: 600 mg 
bid., 36%; 1200 mg b.i.d., 67%), the pragmatic 
ITT seizure-free rate was 1.3% (11). These observa- 
tions of potential improvements in tolerability 
and effectiveness associated with the use of SPN-804 
as adjunctive therapy in patients with epilepsy must 
be confirmed, however, in blinded comparative 
studies. 

As an extended-release formulation that allows 
once-daily dosing and reduces peak plasma 
MHD concentrations, SPN-804 (Oxtellar XR) 
may positively impact treatment effectiveness via 
its effects on the complex interactions of dosing 
frequency, tolerability, and patient adherence as 
well as the ability to achieve higher, potentially 
more effective dosages. As an extended-release 
OXC formulation, SPN-804 represents a valuable 
alternative for patients in whom effectiveness of 
OXC-IR therapy is compromised by poor tolera- 
bility and/or non-adherence. Dosage adjustments 
may be required in patients who are switched from 
b.i.d. OXC-IR to once-daily SPN-804 to accommo- 
date differences in plasma MHD concentrations. 
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